






















different	 between	 these	 two	 habitats,	whereas	 the	 intensity	 of	 root	 cortex	 colonisation	 (M%)	 and	 relative	 arbuscular	 abundance	 (A%)	were	 significantly	 lower	 (3	 and	 4	 times	 respectively)	 on	 the	 post-
industrial	sites.
The	bioavailable	Zn	content	in	the	substratum	of	post-industrial	sites	was	strongly	negatively	correlated	with	species	richness,	Shannon	diversity	index	and	Evenness.	In	contrast,	these	relationships
were	 not	 statistically	 significant	 in	 grasslands.	 Based	 on	 obtained	 results	 we	 could	 draw	 a	 model	 of	 possible	 relationships	 between	 root	 colonization	 of	 Molinia	 ,	 HM	 content	 and	
Molinia	abundance	on	grasslands	and	post-industrial	sites.	Bioavailable	Zn	content	in	the	soil	is	a	one	of	main	factors	influencing	the	 	Molinia	community	diversity.	In	the	grasslands,	lower	amounts	of
bioavailable	Zn,	resulted	in	higher	species	richness	(R)	and	species	diversity	(H)	which	in	turn	lead	to	higher	root	colonization.	On	the	other	hand,	on	the	post-industrial	sites,	the	elevated	bioavailable	Zn


























Many	 factors	 can	 have	 an	 influence	 on	 mycorrhizal	 colonization	 of	 plant	 roots	 both	 in	 polluted	 and	 unpolluted	 sites	 (Berthelin	 et	 al.,	 1995;	 Carrenho	 et	 al.,	 2007;	 Kapoor	 et	 al.,	 2002;	Magurno	 et	 al.
2014;	Mejstrik,	1972;	Weissenhorn	et	al.,	1995;	Zarei	et	al.,	2008).	Among	them	heavy	metal	content	in	the	soil	(HM)	seems	to	be	one	of	the	most	important	one	(Leyval	et	al.,	1995;	Zarei	et	al.,	2008).




























































marked	I).	The	site	geographical	coordinates	were	noted	 in	the	 field.	On	post-industrial	sites	Molinia	caerulea	occurred	mainly	 in	 floristically	poor	patches	 (containing	4	 to	 –-30	species,	with	an	average	species	 richness	of	13.75,
average	values	of	Shannon	diversity	 indices	of	2.502	and	 Evenness	0.756)	 that	consisted	of	Silene	vulgarisCardaminopsis	 arenosa,	Festuca	ovina,	Leontodon	hispidus,	 ,	Cardaminopsis	arenosa,	Festuca	 ovina,	Leontodon	 hispidus,	Thymus
pulegioides	(Table	1,	marked	I).	Molinia	caerulea	covered	more	than	35%	of	a	given	patch	(average	68.7%).	In	contrast	in	non-industrial	sites	Molinia	caerulea	was	present	in	species-rich	patches	(containing	11	to	– (-)-48	species,	with
an	 average	 species	 richness	 of	 29.8,	 an	 average	 values	 of	 Shannon	 diversity	 indices	 of	 1.452	 and	 evenness	 0.565)	 mainly	 with	 wet	 meadow	 species	 of	 the	 Molinietalia	 order	 (Equisetum	 palustreLysimachia	 vulgaris,	 Juncus























































































absorption	 spectrophotometry	 (Varian	Spectra	AA300).	 In	order	 to	 extract	bio-available	 forms	of	metals,	 3	g	 of	 air-dried	 soil	 (grain	<0.25	mm)	were	 shaken	with	30	ml	 0.01	M	CaCl2	 for	 5	 h.	 Soil	 texture	was	 determined	 by	 the
hydrometer	method	developed	by	Prószyński	(Bednarek	et	al.,	2005).	Soil	pH	(1	M	KCl)	and	electrical	conductivity	(EC)	were	measured	in	water	suspension	(soil	to	solution	ratio	1:2.5	(w:v))	after	24	h	of	equilibration.	The	organic
matter	content	in	the	soil	was	determined	as	weight	loss	on	ignition	(LOI%)	at	550	°C	in	a	muffle	furnace.	Total	N	was	calculated	by	the	Kjeldahl	method	using	a	Kjeldahl	Digestion	Unit	for	nitrogen	analysis	(DKL	42/26)	and	a	UDK	129






























Variable/Axis PC1 PC2 PC3
Pb	[mg/kg] 0.18 −0.68 −0.11
Cd	[mg/kg] 0.58 0.28 0.11
Zn	[mg/kg] 0.88 0.01 −0.16
Cu	[mg/kg] 0.30 −0.70 0.21
Fe	[mg/kg] 0.15 −0.78 −0.24
F	(%) −0.98 0.04 −0.09
M	(%) −0.91 0.17 0.01
A	(%) −0.93 0.09 0.02
abundance	(%) 0.27 0.23 −0.17
Table	3	Percentage	contribution	of	chosen	variables	(available	heavy	metals,	mycorrhizal	colonisation	parameters,	Molinia	coerulea	abundance	(%)	to	the	variance	explained	by	PCA	axes.
alt-text:	Table	3
Variable/Axis PC1 PC2 PC3
Pb	[mg/kg] 0.57 24.87 0.73
Cd	[mg/kg] 12.31 10.26 0.72
Zn	[mg/kg] 27.21 0.00 1.59
Cu	[mg/kg] 11.51 15.77 2.80
Fe	[mg/kg] 1.44 17.52 3.70
F	(%) 16.29 0.06 0.51
M	(%) 14.13 0.92 0.01
A	(%) 14.89 0.23 0.01












Fixed	effects Random	effects	(Std.	Dev.) AIC BIC LogLik
Estimate Std.	Error t	value p-value (Intercept) Residual
F(%) (Intercept) 88.83 2.13 43.77 0 9.17 0.0011 325.92 332.96 −158.96





M(%) (Intercept) 2.65 0.92 2.87 0.01 4.13 0.0001 258.11 265.15 −125.05
grasslands 5.45 1.24 4.40 0.00
A(%) (Intercept) 0.90 0.56 1.60 0.01 2.51 0.0079 215.55 222.59 −103.77
grasslands 3.15 0.75 4.15 0.00
Pb (Intercept) 5.68 3.15 1.86 0.01 5.87 3.69 266.97 274.01 −129.48
grasslands −4.46 0.88 −5.59 0.00
Cd (Intercept) 3.67 0.51 7.14 0.00 3.22 0.54 118.93 125.98 −55.46
grasslands −3.42 0.73 −4.62 0.00
Zn (Intercept) 139.68 67.49 2.17 0.05 134.19 32.49 466.81 473.86 −229.41
grasslands −135.63 21.54 −6.42 0.00
Cu (Intercept) 0.51 0.07 6.64 0 0.17 0.13 4.22 2.82 −6.10
grasslands −0.26 0.10 −2.51 0.04
Fe (Intercept) 0.04 0.03 2.17 0.01 1.027 0.50 99.15 106.19 −45.57








Physico-chemical	soil	parameters U Z P
pH-KCl 217.5 −0.73 0.46
EC	[ms/cm] 180.5 −1.58 0.12
WHC	[%] 24.00 -−5.15 0.001
Sand	[%] 0.00 5.70 0.001
Silt	[%] 25.00 -−5.13 0.001
Clay	[%] 0.00 -−5.70 0.001
LOI	[%] 41.00 -−4.76 0.001
CaCO3	[%] 128.00 -−2.78 0.01
N	Kjeldahl	[%] 243.00 0.15 0.88
P2O5	[mg/100	g] 250.00 0.11 0.99
K2O	[mg/100	g] 150.00 −2.27 0.02
Mg	[mg/100	g] 100.00 -−3.41 0.001
Ca	[mg/dm3] 175.00 −1.70 0.08
Na	[me/100	g] 225.00 0.56 0.57
Cl	[mg/dm3] 250.00 −0.01 0.99
salinity	[g/dm3] 212.5 −0.84 0.39
N -NO3	[mg/kg	d.m] 100.00 -3.410.001N-−3.41 0.001
N NH4	[mg/kg	d.m] 100.00 -−3.41 0.001
3.2	Mycorrhizal	colonization	parameters	and	abundance	of	Molinia	caerulea	on	grasslands	and	post-industrial	sites
Arbuscular	mycorrhizal	 fungi	were	found	in	roots	of	Molinia	caerulea	 individuals	growing	both	on	grasslands	and	on	post-industrial	sites.	However,	significant	differences	 in	 the	colonization	of	Molinia	 roots	by	arbuscular































stated	 that	Molinia	caerulea,	 similarly	 to	Festuca	ovina,	Bromus	erectus	under	natural	 conditions	 is	not	 strongly	dependent	on	mycorrhiza.	Turnau	et	al.	 (2006)	confirmed	 that	Molinia	caerulea	 belongs	 to	 facultative	mycorrhizal
grasses.	Other	studies	conducted	by	Pawłowska	et	al.	(1996)	and	Regvar	et	al.	(2006)	revealed	that	plants	with	the	high	mycorrhizal	colonization	frequency	were	the	most	common	and	more	abundant	at	the	less	polluted	sites	such	as










































Our	results	revealed	the	strong,	negative	 influence	of	HM	contents,	especially	Zn	and	other	 factors	such	as	soil	parameters:	soil	 texture,	WHC(%),	CaCO3	 (%)	and	species	diversity	on	root	colonization	of
Molinia	caerulea.	We	confirmed	that	Molinia	caerulea	is	a	facultative	mycorrhizal	species,	since	we	did	not	found	any	relationship	between	its	abundance	and	root	colonization	parameters.	An	efficient	and	lower	cost
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Appendix	A.	Supplementary	data
The	following	is	Supplementary	data	to	this	article:
Multimedia	Component	1
Highlights
• Effects	of	soil	heavy	metal	content	on	Molinia	caerulea	mycorrhizal	root	colonization	were	tested.
• Higher	bioavailable	heavy	metal	content,	particularly	Zn	reduced	root	colonization	of	Molinia	caerulea.
• 	Molinia	caerulea	abundance	does	not	strongly	depend	on	the	presence	of	mycorrhiza.
• 	Molinia	caerulea	could	be	a	promising	species	in	reclamation	work.
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